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Introduction
Enzymatic digestive methods in histochemistry are best performed with purified enzymes. In addition to the purity of an enzyme, a large number of factors, e.g., penetration of the enzyme into the tissues and cells, accessibility of the substrate within biological materials, modifying factors of the enzymatic reaction, and subsequent visualization of the reaction product, are capable of altering the results obtained when an enzyme is allowed to react on a single substrate in biological media. Both purified mold lipases and boiled snake venom phospholipases were reported by the author and co-workers (5-7) to be useful for the identification of triglycerides (TG) and phospholipids (PL) on certain occasions. In the ultracytochemical application of the digestive technique, the penetration of enzymatic activity and the accessibility of biologically situated substrate should be carefully investigated.
Materials and Methods
Experiment I. Female rats weighing ca. 200 g were injected intraperitoneally with ethionine, I glkg, after overnight fasting. Perfusion of the liver with heparin-containing Ringer's solution for 2 min was started at 3 and 6 hr, respectively, after injection. The livers were subsequently perfused with a twice-diluted Karnovsky's fixative for 3 min, quickly excised, and trimmed to tissue blocks of 1 --8 mm 3 .
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The blocks were washed in cold cacodylate buffer with sucrose, pH 7.2, overnight, and treated with the following digestion medium at 37°C for 45 min, while the medium was shaken on Direct Mix, Model TS-50. The digestion medium was composed of 6 ml of 0.05 M Tris buffer, pH 7.2, 1 ml of 2% calcium chloride, and 0.5 ml (25,000 U) of lipase from Rhizopus arrhizus (Lot No. 1361270 of Bohringer-Mannheim GmbH). After digestion, the tissue blocks were washed in saline, postfixed in buffered formalin overnight, washed in distilled water, immersed in 0.1% lead nitrate for 15 min, washed again thoroughly, incubated in dilute ammonium sulfide for several min, washed well, and cut on a freezing microtome. The frozen sections (6 µm) were mounted in glycerin jelly and observed under a light microscope. Ultracytochemical observations of these samples were performed as reported previously (7) . Experiment II. Fresh blood samples from guinea pigs were obtained by heart puncture. The whole blood, added to ca. 1/4 volume of 0.1 M sodium citrate, was centrifuged at 2,500 rpm for 10 min, and both plasma and buffy coat were aspirated off. The packed erythrocytes were washed in 5 volumes of the following isotonic buffer and recovered by centrifugation (2,500 rpm for 3 min), four times. The isotonic buffer was 0.6% saline added to 0.1 M glycylglycine and adjusted to pH 7.2 with 0.1 N sodium hydroxide. One-half milliliter of the washed erythrocytes suspended in 8.5 ml of isotonic buffer as pipetted into aglass tube and treated with 1 mI of the following enzyme solutions at 25°C for 15, 30, 45, 50, and 60 min, respectively, with slow shaking. The medium was chilled to 4°C by adding 2 volumes of cold isotonic buffer, and the digestion stopped immediately. The enzyme solutions were prepared by mixing 10, 1, or 0.2 mg of phospholipase A2 from Naja naja venom (Sigma Chemical Co.) and 1 ml of 100 mM of calcium chloride to give a digestion medium of 3,500, 350, or 70 units. The treated samples were thrice washed in isotonic buffer and recovered by centrifugation and then smeared on glass slides. The smears were fixed in formalin vapor, washed in saline, incubated in 0.005% cupric acetate for 5 hr at room temperature, washed in distilled water two times, immersed in 0.1% rubeanic acid in 70% ethanol for 30 min, rinsed in 70% ethanol for several min, and washed again in tap water. The samples digested for 50 min were observed under an electron microscope as previously described (7) . The smear of washed red cells was fixed with formalin, washed well, mounted in the enzyme solution for 1 hr, and treated by the abovementioned histochemical procedure, which is similar to Holczinger's method for the detection of fatty acids (4).
Results and Discussion

Ethionine-induced Fatty Liver
An enzymatic digestive method for fats was first introduced by Adams et al. (1) in 1966. According to their principle, TG in the formalin-fixed frozen sections were specifically hydrolyzed by a porcine pancreatic lipase in the presence of calcium ions; released fatty acids were precipitated as insoluble soaps and visualized by a lead sulfide technique. The chemical char- acterization of the content of isolated liposomes from the hepatic tissues 5 hr after the injection of ethionine showed them to consist mainly of TG (8) . Ultracytochemical studies with the enzymatic digestive method using purified mold lipases indicated the presence of TG in developing liposomes 2-3 hr after an injection of ethionine, when TG could not be detected under a light microscope (6) . In the present histochemical trials of the digested tissue blocks, no positive findings could be detected 3 hr after injection, and, in the sections of the livers 6 hr after injection, the reaction products were observed only in the cytoplasm of the hepatocytes located marginally ( fine lead soaps, which could not be detected in the duplicate control sections, could be clearly seen in almost all liposomes (Figures 2, 3) . In addition to smaller liposomes, medium-sized lipid particles sharply separated from the surrounding aqueous cytoplasm increased prominently 6 hr after injection. Many coarse reaction products were seen in the partly crumbling lipid particles, and no reaction products could be observed in the centers of the larger lipid spheres (Figure 4 ). Such a false negative finding might be occasioned by the hydrophobic character of fats, since lipase usually acts on the surface of fat droplets. The ultracytochemical usefulness of the lipase digestive method would therefore be limited to the smaller fat droplets.
Phospholipids in the Outer Red Cell Membrane
The enzymatic digestive method was proved by the author to be applicable to the detection of some PL (6, 7) . Many PL are hydrophilic, and boiled snake venom is well-recognized as a pure source of phosphilipase A 2 . Unfortunately, the enzyme is likely to be less active towards the PL in formalin-fixed tissues than in fresh ones. Some PL in the outer cell membrane of the intact erythrocytes suspended in an isotonic buffer might easily be digested by snake venom phospholipase, because they are unfixed and are in sufficient contact with the enzyme. In this case, phospholipase can act only on the outer layer of the intact red cell membrane. PL in the outer layer mainly contains lecithin, especially in guinea pig red cells. The lecithin is converted into lyso derivatives and fatty acid by enzymatic activity. Moreover, phospholipase is found to digest PL in the washed intact red cell membrane without causing significant hemolysis when the isotonic reaction medium contains no albumin (2, 3, 9) . Therefore, the derived fatty acids should be converted to insoluble soaps in situ, which could in turn be used to identify the digested PL. In the present histochemical observations on the smears, the digested erythrocytes were colored dark green, whereas the nondigested ones were plain gray. The percentage of digested erythrocytes, i.e., Holczinger-positive red cells, was counted after different lengths of time of the digestion process and with several concentrations of phospholipase A2 ( Figure 5 ). After 50 min, the process induced an 80% ratio of green erythrocytes. The enzymatic digestion with phospholipase was markedly inhibited in the red cells pretreated by formalin vapor fixation.
A chain of many precipitates of lead soaps could be seen on the cell membrane of the intact erythrocytes when Naja naja phospholipase A 2 was used ( Figure 6 ). The few lead precipitates found just outside the duplicate control red cells might be the result of insufficient washing (Figure 7) . The pictures do not satisfactorily establish the arrangement of the molecular organization of the red cell membrane, but the distribution of lead soaps would indicate the localization of PL on the exterior of the red cell membrane.
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